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I NTRODUCT IO.1

During calendar year 1981 the research effort of this grant was devoted

primarily to three areas: (a) measurement of thermal propervies of asphaltic

concrete in the laboratory; (b) field tests oerformed to compare the results

of the measured temporal and spatial tenDerature field induced in an asphaltic

concrete pavement by a known energy inpuc to those predicted by heat transfer

theory using the thermal properties measured in the laboratory results; and,

(c) a sensitivity analysis which indicated the influence of thermal properties

of the asphalt and the heat source on the predicted temperal and sDatial temner-

ature field. Details of each of these tasks are given below and typical results

are summarized.

LABORATORY MEASUREMENTS OF THERMAL PROPERTIES

A calorimeter used to measure the thermal conductivity and thermal

diffusivity of asphaltic concrete was designed and constructed specifically for

this research project. Because it is much easier to asu;e thcse 6pertics

if the heat flow through the specimen is one dimensional, it was imoortant that the

radial heat loss through the cylindrical soecimen be rinimal. To predict the radiai

heat loss for several candidate designs, a computer code was developed to solve

the transent two dimensional heat transfer equation. It vas found that using a

14.6 cm diameter sample about 2.5 cm thick, radial heat losses would be well

within acceptable tolerances - '"ng 0 . .vicc shown schematically in Figure 1.

(This device has a cooling base which is not shown in the Figure). Figure 2 0

shows the ratio of radial to axial heat loss for the device as a function of radial

position in the sample. This Figure shown that the radial heat flow is essentially

zero at the center of the sample and les- than 1.5Z of the "dl (vertical heat Codes
A/or
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flo.. at the edges. In the laboratory experiments, fluxes were measured at
r
r = 0.2 in the calorimeter where radial heat flow w-jas less than 0.?;' of the

axial flow. These statistics are well within ASTM guidelines.

The heat flow through the sample in the calorimeter was assumed to be

one dimensional thus making the analysis of the exoeriment much easier since

all derivatives with respect to the radius r in the equation

13 T 3 aT Tr r -r ) + -Z Ik Z) = PCp
r prat (1)

vanish and thus

k a2T - 9T (Lr)DZ2  pp at a

or 2T 1 T (Db)

In these equations, k is thermal conductivity, T is temperature, p is

density, r and Z are cylindrical coordinates, C is specific heat, -, isp

thermal diffusivity (r-) and t is time.
PC

To find the conductivity, ka steady state condition is attained in the

laboratory experiment so that derivatives with respect to t (time) vanish. Then,

k can be determined from Equaticn (2a) by measuring the temperature gradiert

through the sample and the correspondinq heat flux Q.

With k knomn, the calorimeter can aIso be used to find the diffusiv y

k if a transient test is run. The system is first brought to stead. state

PCp
and then the power to the upper heater (Figure 1) is increased. TiIc resul.-inc,

increased heat flux into -he copper dis!. as well as the tet..:r-atur- of the dis

are recorded as c function of time. By solving Equation (21i) tne transient

response to the heat flux b'.;:ndary condition can be found. A computer code has

been developed to solve the transient one (imensional energy equation us-ir. a

fir,Le difference Dechnique. The computer coda uses the mresured heat flux ; a

boun:-]ry condiLion ct the surface. Tihe time scale of the test is sport enounh sn
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that the sample appears to be semi-infinite; thus the temperature of the lower

face of the sample does not change during the test. An initial guess for c is

made and the transient temuerature response is calculated. If the calculated

temperatures do not equal the measured temceratures, a is modified and another

trial is run. This process is repeated until the final measured temoerature is

w.ithin 2% of the final calculated temperature.

The calorimeter was calibrated by measuring the thermal conductivity and

diffusivity of a standard pure substance, in Table i telow are the measured k

values obtained at 3 different temperatures along with corresponding values cited

in the literature for fused silica.

TABLE 1
CALIBRATION OF CALORIMETER-CONDUCTIVITY

T(°C) Measured koc) Literature k(,-) %Error

250 1.310 1.377 -4.9

600  1.409 1.417 -0.6

850 1.414 1.446 -2.2

The reliability of the calorimeter in measuring diffusivity can best be

illustrated by Figure 3. The transient temperature response of fused silica is

shown in the Figure along with the predicted response obtained using the known

(literature) value of a in the one dimensional heat transfer code. As can be

seen in Figure 3, the measured and predicted temperature-time response are very

close.

,ith confidence In the resul ts obtained on samples with knu,,,i, Lhermn a

properties in the calori:'eter, tests were run to determine the thermal properties

of asphaltic concrete. _amples were corc' from the pavement, sliced, and inserted

in t:e cIovieter and cond:_-Livity and Jifusivity values .,ere obtained using

the procedures descri-' above.
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FIELD TESTS

The objective of tne field tests was to determine if the computer code

could be uscd to predict the tem.poral-spatial temperature field of an in s'tu

asphaltic concrete pavement of kno,.n thermal propert2es when subjected to a known

thermal input. The thermal properties of the asphaltic concrete were determined

as described above, but before the field tests could be carried out, thermal

characteristics of the heat source had to be obtained.

A small portable prooD.ne heater was used as the heat source in the field

tests. Heat is transferred to the pavement predominately by radiation and much

less importantly by convection. Convection effects can be neglected with little

loss of accuracy. The portable heater and the pavement can be modelled as two

parallel plate and the heat transfer can be described as:

T 4 T 4

q H - ) (3)

£H A

when T = temperature
c = emissivity
a = The Stefan-Boltzm, ann constant.
The subscripts H and A refer to the heater and asphalt surface, respectively.

The emissivity of asphalt varies little from a value of 0.9 (J. P. Holman,

Heat Transfer, McGra'.:-Hill Book Co., 1972). Then the emissivity of the heater

E-H can be determinei from Eq. 3 if the temperature and the heat flux, q, are

measured. This %,zis done in f'e2i experaritS ',nd ;IS >nn to .4 fp.r
TH 0o --- r..

in tHe range ofl 410 to . This , s wei .i O..f hat

report ed for" steel henIan, 7 __ it sK'.IUl be ec s. e .een ro belrw,

the I;eat source is ten :,ai nlj s sheet st - -

N. .--1, ,ith t1e J' a I &:uCact oF t.he socirce . ... k; iwn, and the

thermal properties 'k -.nd 27 E partic:2a, r'eint in a ,,',ont de --ermined in

the lab as explained in the e,-ceedina ;on field tests could be carried out



so that the rmeasure2d tepoa -s0a eaaau fe d conI 1 a a.aed to

that preicted by the one d-I lens-'! zuetr c~

Figure 4sh'o%'s ty~ical ccicrrem] ts for Lthe t~eccr' h

surface of asphal t when subjecte:, to t he heater it. T H 485~ for 51JC aeconds a t

ich ti,--e th.e heater was rerr-oved a;nd_ the pavement auirface v.;a: inudtd The

akiree:--enr bletween oredicted in use e s-irface te cperatu-es; %.an .ii--in S7 0

fror th-2 s ur a t-ion o f t he te st.

Figure 5 is a comparison r07 the easured and rredictcd t'ertr

history ait a depth ofl 3.2 cm below. th-e ou-_vement surface. The heatler t:e"':erui.r_,'

w,,;.as -'850C and the heat source was rnecoved and the surface mu t' fo

503 seconds. The difference between predicted and observed tew- uereturesws

withi n 7 C at allI timles.

SENS:11T71V1TY IALYS IS

The temporal -spatial teMoerature field in asPhal tic coro-rete depends on

0 -cara-eters (for a radiant heat source-_,: the tei-2erature of the heat_;' source,

T,; the emissivity of the heater, c,.; te emissivity,,, of asnohait, c,; the cill-

fusivity of the asphaltic concrete, c,., a nd; the conductivity of the e1h3it4c Con-

c re teK To determine the effect of each of these 5 varie bies on the temprerature

f ieldJ or he variabies were held c-,, on hil a the 5th wa-s var i_ -r-nm a

cocrte . an s,-.d a c; the dcr dn iL fir ruipbsen l n 'cir ThO

it n; I: : of T.1 E,, i are soa rn Tnr-s 6 , 7 , and .3. P s p2c tively.

rntrsource t 2m ce rne T '-.s ai ar--f wnuenc-2 c n T (Friuulr 6).

i;~!~::s:'aa et ;l ) y redi tijn inc s pro,,urtica:- t3

'7 ~ ~ -Ti.Th ea o t ;esatura ist be roe~surod within abouc I C

cbtair 5 50C accuracy in T_.
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Fiqure 7 sho-ws that tie can-e .n surface te ':,erature ali:,ost direct i

proportional to a change in source e:mosivity A _+ 10,, variation in the

source emissivity yields a + K chance in TA -

The effect of the conductivity, k, on the surface te;-perature is shown in

Fi ' ure 8. The higher the the faster the heat flo,-/ throuoh the asphalt and

thus the 1ower the surface temneratre. After the heat source is re oved, the

hioear -he 'N the more rapidly the drop in TA becaus.e the heat flows o,-;n crou

the asphalt faster. An increase in k by 10, causes a decrease in TA of aLout

8.5d; conversely, a decrease in k by IC' results in an increase in s uruace te-ne.-

ature of about 8.57,).

Sensitivity studies showed that the surface temperature TA ;.,as rather

insensitive to ci, the diffusivity. The thermal diffusivity need oniL/ be rmeasured

to within + 25; to obtain a + 5, accuracy in predicting temperature response.

SUMfAR, Y

A modified colorimeter has been developed to measure the thermal conduct-

ivity and thermal diffusivity of asphaltic concrete. Calibration of the calorimeter

with a substance of known -thermal properties (fused silica) indicated that the

calorimeter performs well.

Thermal characteristics of a field heater were determined so that by de-

termining the Pavenent thatmc1 properties from lab tests the temoo,' -spatial

tem-:oerature field of an asphcltic concrete pavement could be predicted . -",

resu] ts of a prelimitnary series of field tests we r encoulra The Predicted.... SE ,,s ., 4 e o ;-g n; hed - aredictes 2d

and '-easured surface temperatures vne very close ;hile the oredicted and .:easured

te-maratures with dt.'.n-ral iy within lI of one another.
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A sensitivity ana ys ,s of the thermal parameters used in the one dimensional

heat transfer computer code indicated that to predict t zeiDoral-spatial

temperature field with accuracy anj ccnfidence it is necessciry to have precise

valses of the thermal conductivity and erlissivity of ashaltic concrete and

source temperature and emissivity of the (radiant) leater. The thermal diffusivity

of the asphaltic concrete is not an important parameter.


